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La presente invention concerne des nouveaux derives de 2,3-dihydro-4(ljF/)-pyridinone, 
leur procede de preparation, les compositions pharmaceutiques qui les contiennent ainsi 
que leur utilisation en tant que facilitateurs mndmocognitifs et antalgiques. 

Le vieillissement de la population par augmentation de PespSrance de vie a entrain6 
5 parallelement un large accroissement des troubles cognitifs lies au vieillissement cerebral 
normal ou au vieillissement c6r6bral pathologique survenant au decours de maladies 
neurodegeneratives telles que, par exemple, la maladie d'Alzheimer. 

La plupart des substances utilises aujourd'hui pour le traitement des troubles cognitifs lies 
au vieillissement agissent en facilitant les systemes cholinergiques centraux, soit 
10 directement comme c'est le cas des inhibiteurs de 1'acetylcholinesterase (tacrine, donepezil) 
ou des agonistes cholinergiques (ne£irac6tam), soit indirectement comme dans le cas des *; 
nootropes (pirac6tam, pramiracetam) ou des vasodilatateurs c6rebraux (vinpocetine). 

Outre leurs propriet6s cognitives, les substances agissant directement sur les systemes s 
cholinergiques centraux ont souvent des propri6tes antalgiques, mais egalement des s 
15 propri6t6s hypothermisantes qui peuvent etre genantes. 

II etait done particuli&rement interessant de synthetiser de nouveaux composes capables de 
s'opposer aux troubles cognitifs H6s au vieillissement et/ou d r am61iorer les processus 
cognitifs et pouvant posseder des propri£t6s antalgiques, mais d6pourvus d*activit6 
hypothermisante. 

20 Des l-aza-2-alkyI-6-aryl-cycloalcanes et l-aza-2-alkyl-6-aiyl-cycloalcenes 4-hydroxy ou 
4-oxo- substitu6s ont d€jk ete decrits dans la litterature (J. Org. Chem. 1988, 53, 2426 ; 
Liebigs Ann. Chem. 1986, 11, 1823 ; Synlett 1993, 9, 657 ; Tet. Lett. 1998, 39(3/4), 217), 
sans qu'aucune activit6 pharmacologique n'ait 6t6 decrite pour ces molecules. La demande 
de brevet EP 01 19087 d6crit des d6riv6s de l-aza-2-alkyl-6-aryl-cycloa1canes utiles en tant 

25 qu'antalgiques. 
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Plus specifiquement, la pr6sente invention concerne les composes de formule (I) : 



X 




dans laquelle : 

> Ri represente un atome d'hydrogene ou un groupement arylalkyle (Ci-C6> lineaire ou 
5 ramifie, alkyle (C\-Cg) lineaire on ramifie, acyle (Ci-Ca) lineaire ou ramifte, 

alkoxycarbonyle (Ci-Cd) lineaire ou ramifie, arylalkoxycarbonyle (Ci-Ce) lineaire ou 
ramifie ou trifluoroac&yle, 

> R2 represente un groupement alkyle (C1-C6) lineaire ouramifi6, 

> X represente un atome d'oxygene, ou NOR3 dans lequel : 

10 * R 3 represente un atome d'hydrogene ou un groupement alkyle (Cj-Cg) lineaire ou 

ramifie eventuellement substitu6 par un ou plusieurs groupements, identiques ou 
diff&rents, choisis panni hydroxy, amino (6ventuellement substitue par un ou deux 
groupements alkyle (C1-C6) lineaire ou ramifi6) et alkoxy (Ci-Ce) lineaire ou 
ramifie, 

15 > Ar represente un groupement aryle ou un groupement h6t6ro aryle, 

leurs enantiomeres, diast6r£oisomeres ainsi que leurs sels d'addition a un acide 
pharmaceutiquement acceptable, 

etant entendu que par aryle, on comprend un groupement ph6nyle, biphenylyle, naphtyle, 
tetrahydronaphtyle, chacun de ces groupements 6tant 6ventuellement substitu6 par un ou 
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plusieurs groupements, identiques ou diff6rents, choisis parmi halogene, alkyle (Ci-C6> 
lineaire ou ramifie, hydroxy, alkoxy (C r C 6 ) lin6aire ou ramifie, trihalogenom6thyle, nitro 
ou amino (substitue Eventuellement par un ou plusieurs groupements alkyle (Q-Ca) 
lineaire ou ramifie), 

et par groupement heteroaryle, on comprend un groupement aromatique mono- ou 
bicyclique de 5 a 12 chainons contenant un, deux ou trois h6teroatomes choisis parmi 
oxygEne, azote ou soufre 6tant entendu que llieteroaryle peut etre eventuellement substitue 
par un ou plusieurs groupements, identiques ou differents, choisis parmi halogene, alkyle 
(CrC 6 ) lineaire ou ramifie, hydroxy, alkoxy (C r C 6 ) lineaire ou ramifie, 
trihalog6nom6thyle, nitro ou amino (substitue eventuellement par un ou plusieurs 
groupements alkyle (C1-C6) lin6aire ou ramifi6). Parmi les groupements h&eroaryle, on. 
peut citer' k titre non limitatif les groupements thi6nyle, pyridyle, furyle, pyrrolyle, . 
imidazolyle, oxazolyle, isbxazolyle, thiazolyle, isothiazolyle. 

Parmi les acides phannaceutiquement acceptables, on peut citer 4 titre non limitatif les 
acides chlorhydrique, bromhydrique, sulfurique, phosphonique, acetique, trifluoroac&ique, 
lactique, pyruvique, malonique, succinique, glutarique, fumarique, tartrique, mal6i*que, 
citrique, ascorbique, oxalique, m6thanesulfonique, benzEnesulfonique, camphorique, etc... 

Les composes preferds de formule (T) sont ceux pour lesquels le groupement X repr6sente 
un atome d'oxyg&ie. 

Le groupement Ri pref&re de l'invention est l'atome d'hydrogene ou un groupement 
alkoxycarbonyle (Ci-C 6 ) lineaire ou ramifi6, 

Le terme aryle affectE au groupement Ar tel que d6fini dans la formule (T) est 
pr6f6rentiellement le groupement ph6nyle Eventuellement substitue. 



Le terme heteroaryle affecte au groupement Ar tel que defini dans la formule (I) est 
preferentiellement le groupement thienyle Sventuellement substitu6 ou le groupement 
pyridyle eventuellement substitue. 

Plus particuliferement, 1'invention concerne les composes de formule (I) qui sont : 

* 2-me1hyl-4-oxo-6-(2-1lu6nyty de tert-butyle 

* 2-methyl-6-(2-thienyl)-2,3-dihydro-4(lii)--pyridinone 

* 2-methyl-4-oxo-6-phenyl-3,4-dihydro- 1 (2i?)-pyridinecarboxylate de tert-butyle 

* 2-methyl-6--ph6nyl-2 5 3--dihydro-4(li?)-pyridinone 

* 6-(3-chlorophenyl)-2-me1hyl-4^^ de tert- 
butyle 

* 6-(3-chlorophenyl)-2-methyl-2,3-dihydro-4(li/)-pyridinone 

<• 6-(6-chloro-3-pyridyl)-2-m£^ de 
tert-butyle 

* 6-(6-chloro-3-pyridyl)-2-met^ 

les Snantiomeres, diasterSoisomeres ainsi que les sels d'addition k un ■ acide 
pharmaceutiquement acceptable des composes prefferes font partie integrante de 1'invention. 

Uinvention s'etend 6galement au proc6de de pr6paration des composes de fonnule (I), 
caracterise en ce que Ton fait reagir la 4-methoxy pyridine successivement avec le 
chloroformiate de ph6nyle, un derive organomagnesien de formule (IT) : 

R 2 MgBr (II) 

dans laquelle R 2 est tel que d6fini dans la fonnule (I), 

et le tert-butylate de potassium pour obtenir un compose de formule (Iff) : 




dans laquelle R2 est tel que d6fini precSdemment, 

compose de formule (III) que Ton fait r6agir avec du butyllithium et de Tiode, pour 
conduire au compose iode de formule (TV) : 




dans laquelle R 2 est tel que defini precSdernment, 

compost de formule (IV) que Ton fait r6agir en presence de tetrakis 
(triphenylphosphine)palladium (0) avec un acide boronique de formule (V) : 

ArB(OH) 2 (V) 

10 dans laquelle Ar est tel que defini dans la formule (I), 

pour conduire au compose de formule (I/a), cas particulier des composes de formule (I) : 
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dans laquelle Ar et R 2 sont tels que definis precedemment, 

compose de formule (I/a) dont on deprotege eventuellement la fonction amine selon des 
techniques classiques de la synthase organique pour conduire aux composes de formules 
(I/b), cas particuliers des composes de formules (I) : 




dans laquelle R2 et Ar sont tels que definis precedemment, 

compost de formule (I/b) que Ton fait eventuellement r6agir avec un compose de 
formule K\Y dans laquelle R\ repr6sente un groupement arylalkyle (Ct-C6) lineaire ou 
ramifie, alkyle (C1-C6) lineaire ou ramifie, acyle (C\-Ce) lineaire ou ramifie, 
10 alkoxycarbonyle (C\-Ce) lineaire ou ramifie, arylalkoxycarbonyle (C1-C6) lineaire ou 

ramifie ou trifluoroac6tyle et Y repr6sente un groupe partant, pour conduire au compose 
de formule (I/c), cas particulier des composes de formule (I) : 




(I/c) 



15 



dans laquelle Ar, R r i et R 2 sont tels que d6finis precedemment, 
les compos6s de formule (I/b) et (I/c) forment les composes de formule (I/d) 

O 



(I/d) 




dans laquelle Ar, R\ et R2 sont tels que definis precedemment, 

composes de formule (1/d) que Ton fait eventuellement r6agir avec un compost de 
formule H2N-OR3 dans laquelle R 3 est tel que d6ftni dans la formule (T), pour conduire 
au compose de formule Q7e), cas particulier des composes de formule (I) : 



NOR, 




(J/6) 



dans laquelle Ar, Ri, R 2 et R 3 , sont tels que definis prdc6demment, 

les composes de formules (I/a) a (I/e), constituent Tensemble des composes de formule (I), , 
que Ton purifie, le cas echeant, selon des techniques classiques de purification, dont on . 
separe, si on le souhaite, les isomeres selon des techniques classiques de separation, et que 
10 Ton transforme, si on le souhaite, en leurs sels d'addition a un acide pharmaceutiquement 
acceptable. 

Les composes de la pr6sente invention, outre le fait qu'ils soient nouveaux, presentent des 
proprietds facilitatrices des processus cognitifs et antalgiques qui les rendent utiles dans le 
traitement des deficits cognitifs associes au vieillissement cerebral et aux pathologies 
15 neurodegeneratives telles que la maladie d' Alzheimer, la maladie de Parkinson, la maladie 
de Pick, la maladie de Korsakoff, les d&mences frontales et sous-corticales et dans le 
traitement de la douleur. 



L'invention s'6tend aussi aux compositions phaimaceutiques renfermant comme principe 
actif un compose de formule (I) avec un ou plusieurs excipients inertes, non toxiques et 
appropri£s. Parmi les compositions pharmaceutiques selon Finvention, on pouira citer plus 
particulierement celles qui conviennent pour l'administration orale, parenteral 
(intraveineuse ou sous-cutanee), nasale, les comprimes simples ou drag<§fi6s, les 
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comprim6s sublinguaux, les gelules, les tablettes, les suppositoires, les crdmes, les 
pommades, les gels dermiques, les pr6parations injectables, les suspensions buvables, etc. 

La posologie utile est adaptable selon la nature et la sev&it6 de Taffection, la voie 
d'administration ainsi que Tage et le poids du patient. Cette posologie varie de 1 a 500 mg 
5 par jour en une ou plusieurs prises. 

Les exemples suivants illustrent Tinvention et ne la limitent en aucune fa9on. 

Les produits de d6part utilises sont des produits connus ou prepares selon des modes 
preparatoires connus. 

Les structures des composes decrits dans les exemples ont ete determines selon les 
10 techniques spectrophotometriques usuelles (infrarouge, resonance magnetique nucleaire, 
spectromdtrie de masse). 

PREPARATION 1 : 4-methoxy-2-methyM(2H)-pyridine carboxylate de tert butyle 

37,81 mmoles de chloroformiate d'6thyle sont ajoutes k une solution refroidie a -25°C de 
37,43 mmoles de 4-m6thoxy pyridine dans 100 ml de tetrahydrofurane anhydre sous 

15 atmosphere d' argon. Apr6s 1 heure d*agitation k -25°C on ajoute goutte a goutte 39,30 
mmoles de bromure de m6thylmagnesium 3M. Le m61ange reactionnel est maintenu sous 
agitation pendant 30 minutes & -25°C puis 1 heure k temperature ambiante. On ajoute alors 
100 ml d'eau, puis la phase aqueuse est extraite 2 fois avec de Tether 6thylique, sechee sur 
sulfate de magnesium, filtree puis concentree sous pression reduite. L^huile obtenue est 

20 reprise dans 100 ml de tetrahydrofurane anhydre, la solution est alors refroidie k -40°C 
puis 0,15 mmoles de tert-butylate de potassium sont ajoutes. Le melange reactionnel est 
agit6 2 heures a -40°C, 1 heure a temperature ambiante puis 100 ml d'eau sont ajoutes. La 
phase aqueuse est extraite 2 fois avec de Tether ethylique puis la phase organique est 
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s6chee sur sulfate de magnesium, filtree et concentree sous pression rSduite pour donner le 
produit attendu. 

PREPARATION 2 : 6-iodo-2-m6thyi^oxo-3,4-dihydro-l(2^-pyridine carboxylate 

de tert butyle 

5 40,48 mmoles de n-butyllithium sont ajout6s a une solution k -60°C de 33,73 mmoles du 
compost de la preparation 1 dans 100 ml de t6trahydrofurane anhydre sous atmosphere 
d' argon. U agitation est maintenue pendant 30 minutes a -60°C puis 37,11 mmoles d'iode 
sont additionnes. Aprds 2 heures d'agitation k -60°C puis 1 heure k temperature, 100 ml 
d'une solution aqueuse d'acide chlorhydrique IN sont ajoutes au milieu reactionnel. La 

.0 phase aqueuse est extraite 2 fois avec de T6ther ethylique et la phase organique est sech6e 
sur sulfate de magnesium, filtree et concentre sous pression r6duite. Une purification par 
chromatographic sur gel de silice (ether ethylique/ether de petrole : 4/6) permet d'obtenir le 
produit attendu. 

IRfKBr) : v c = 0 = 1668, 1722 cm 1 . 

5 EXEMPLE 1 : 2-methyl-4-oxo-6-(2-thi6nyI)-3 > 4-dihydro-l (2/*)-pyridme 

carboxylate de tert butyle 

Dans un hallon de 100 ml sont introduits 4,45 mmoles du compose de la preparation 2, 
0,22 mmoles de tetrakis (triphSnylphosphine) palladium (0) et 20 ml de dimethoxyethane, 
puis 5,34 mmoles d'acide thioph6ne-2-boronique et 11,12 mmoles dliydrogenocarbonate 
10 de sodium dissous dans 20 ml d'eau. Le melange reactionnel est chauffe sous reflux et sous 
agitation vigoureuse pendant environ 5 heures. Aprds refroidissement la phase aqueuse est 
extraite 2 fois au chloroforme et la phase organique s6ch6e sur chlorure de calcium, filtr6e 
et concentr6e sous pression r6duite. Une purification par chromatographic sur gel de silice 
(ether ethylique/ether de petrole : 4/6) permet d'obtenir le produit attendu. 



25 



Point de fusion ; 90 °C 



* 
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IR (KBr) : v c =o = 1659, 1718 cm'. 
Microanalvse elementaire : 





%C 


%H 


%N 


calculi 


61,41 


6,53 


4,77 


trouve 


61,34 


6,71 


4,86 



EXEMPLE 2 : 2-Methyl-6-(2-thi6nyl)-2,3-dihydro-4(lfl)-pyridinone 

5 2,73 mmoles du compos6 de Texemple 1, 10 ml de dichlorom&hane et 27,27 mmoles, 
d'acide trifluoroacetique sont melanges. Le melange r6actionnel est laiss6 sous agitation a 
temperature ambiante pendant 4 heures, puis alcalinis6 par addition dune solution aqueuse 
saturee de carbonate de potassium. La phase aqueuse est extraite 2 fois au 
dichloromethane, les phases organiques sont reunies puis sech6es sur chlorure de calcium, 

10 filtrees et concentrees sous pression reduite. Une purification par chromatographic sur gel 
de silice (ac6tate d'6thyle) permet d'obtenir le produit attendu. 

Point de fusion : 155°C. 

IR (KBr) : v c =o = 1605 cm 1 ; v m = 3288 an 1 . 
Microanalvse elementaire : 





%C 


%H 


%N 


calcute 


62.15 


5,74 


7,24 


trouve 


62,34 


5,62 


7,02 



EXEMPLE 3 : 2-m6fhyl-4-oxo-6-ph6nyl-3,4-dihydro-l(2fl)-pyridine 
carboxylate de tert butyle 

Le produit attendu est obtenu selon le proc6d6 d6crit dans l'exemple 1 avec de l'acide 
phenyle boronique. 



20 Point de fusion : 99°C. 

IR (KBr) : v c -o = 1655, 1709 an'. 
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Microanalvse ilimentaire : 





%C 


%H 


%N 


calculi 


71,06 


7,37 


4,87 


trouvi 


70,92 


7,51 


4,71 



EXEMPLE 4 : 2-m6thyl-6-ph6nyl-2 a 3-dihydro-4(li3)-pyridinone 

Le produit attendu est obtenu selon le proc6de decrit dans l'exemple 2 k partir du compose 
de l'exemple 3. 

Point de fusion : 161°C. 

IR (KBr) ; v c =o = 1605 cm 1 ; Vm = 3268 cm 1 . 
Microanalvse elementaire : 





%C 


%H 


%N 


calculi. 


76,98. 


7,00 


7,48 


trouvi 


77,21 


7,06 


7,22 



EXEMPLE 5 : 6-(3-chlorophenyI)-2-m6thyl^oxo-3,4.dihydro-l(2J50-pyridme 
carboxylate de tert butyle. 

Le produit attendu est obtenu selon le proc6d6 dScrit dans l'exemple 1 avec de Tacide 3- 
chlorobenz^ne boronique. 

Point de fusion : 101°C. 

IR (KBr) : v c =o = 1674, 1714 cm 1 . 

Microanalvse elementaire : 





%C 


%H 


%N 


calculi 


63,45 


6,26 


4,35 


trouvi 


63,39 


6,36 


4,21 



m 
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EXEMPLE 6 : 6-(3-chloroph€nyl)-2-m6thyl-2,3-dihydro-4(lJ3)-pyridinone. 

Le produit attendu est obtenu selon le procede decrit dans l'exemple 2 a partir du compose 
de l'exemple 5. 

Point de fusion : 133°C. 
5 IR (KBr) : v c =o = 1605 cm' 1 ; Vnn = 3255 cm'. 
Microanalyse elementaire : 





%C 


%H 


%N 


calculi 


65,02 


5,46 


6,32 


trouve 


65,15 


5,59 


6,13 



EXEMPLE 7 : 2-mahyl-4-oxo-6-(6-chloro-3-pyridyl)-3,4-dihydro-l(2^ pyridine 
carboxylate de tert-butyle 

Le produit attendu est obtenu selon le proc6de decrit dans l'exemple 1 avec de l'acide 6- 
10 chloropyridine-3-boronique. 

Point de fusion : 115°C. 

IR (KBr) : v c =o = 1660, 1711 cm 1 . 

Microanalyse elementaire : 





%C 


%H 


%N 


calculi 


59,54 


5,93 


8,68 


trouve 


59,75 


5,88 


8,42 



15 EXEMPLE 8 : ^(e-chloro^-pyridyO^-m^thyl-l^-dihydro^Cl^O-pyridinone. 

Le produit attendu est obtenu selon le proced6 decrit dans l'exemple 2 k partir du compose 
de l'exemple 7. 



Point de fusion : 216°C. 
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IR(KBr) : v c =o = 1613 cm 1 ; v m = 3256 cm' 1 . 
Microanalyse elementaire : 





%C 


%H 


%N 


calculi 


59,33 


4,98 


12,58 


trouve 


59,19 


5,08 


12,39 



ETUDE PHARMACOI. OGIOUE DES DERIVES D E ^'INVENTION 

5 EXEMPLE 9 : Temperature corporelle chez la souris NMRI 

Les effets sur la temperature corporelle des composes de la presente intervention ont ete-?. 
6valu6s chez la souris NMRI adulte male. La temperature rectale des souris (18-20 g) a ete ■ 
mesuree juste avant traitement pharmacologique (voie intraperiton6ale) par les produits 
sous etude ou leurs vehicules (20 mg/kg). Les souris etaient ensuite plac6es dans des cages 
10 individuelles (10x10x10 cm) et leur temperature rectale a ete mesuree toutes les 30 minutes < 
pendant les 2 heures qui ont suivi le traitement. Les valeurs etaient les moyennes (°C) plus 
ou moins les erreurs standards sur les moyennes, et les comparaisons inter-lots ont ete 
realisees par un test d'analyse de variance k un facteur suivi le cas 6cheant par un test de 
Dunnett. 

15 Les rSsultats montrent que les composes de Pinvention sont depourvus d'activit<§ 
hypothermisante pour des doses allant jusqu'a 20 mg/kg. 

EXEMPLE 10 : Torsions abdomiuales induites h la ph6nyl-p-benzoquinone (PBQ) 
chez la souris NMRI 

L f administration intraperiton6ale d'une solution alcoolique de PBQ provoque des crampes 
20 abdominales chez la Souris (SffiGMUND et coll., Proc. Soc. Exp. Biol., 1957, 95, 
729-731). Ces crampes sont caract6ris<§es par des contractions r6p6t6es de la musculature 
abdominale, accompagnees d'une extension des membres posterieurs. La plupart des 
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analgSsiques antagonisent ces crampes abdorainales (COLLIER et coll., Brit. J. Pharmacol. 
Chem., 1968, 32, 295-310). A t=0 min., les animaux sont peses et le produit etudiS est 
administre par voie EP. Un groupe d ! animaux temoins re9oit le solvant du produit. A t=30 
min., une solution alcoolique de PBQ (0,2 %) est administree par voie IP sous un volume 

5 de 0,25 ml/souris. Immediatement aprfes l'administration de la PBQ, les animaux sont 
places dans des cylindres en plexiglass (L=19,5 cm ; D.I.=5 cm). De t=35 min. k t=45 min., 
la reaction des animaux est observee et Texperimentateur note le nombre total de crampes 
abdominales par animal. Le tableau ci-dessous donne le pourcentage d'inhibition du 
nombre de crampes abdominales mesur6 chez les animaux t6moins, a la dose active du 

10 compost etudte. 

Les r6sultats obtenus montrent que les composes de Tinvention sont pourvus de proprietes 
antalgiques. 



Exemple 


Dose (mg/kg) 


Inhibition (%) 


2 


20 


48% 


3 


20 


59% 


6 


20 


48% 



EXEMPLE 11 : Reconnaissance sociale chez le rat Wistar 

15 Initialement decrit en 1982 par THOR et HOLLOWAY, (J. Comp. Physiol., 1982, 96, 
1000-1006), le test de la reconnaissance sociale a ete ensuite propos6 par diff6rents auteurs 
(DANTZER et coll., Psychopharmacology, 1987, 91, 363-368 ; PERIO et coll., 
Psychopharmacology, 1989, 97, 262-268) pour Tetude des effets mn6mocognitifs de 
nouveaux compos6s. Fonde sur Texpression naturelle de la memoire olfactive du rat et sur 

20 son oubli naturel, ce test pennet d ! appr6cier la m6morisation, par la reconnaissance d ! un 
jeune cong6nere, par un rat adulte. Un jemie rat (21 jours), pris au hasard, est plac6 dans la 
cage de stabulation d ! un rat adulte pendant 5 minutes. Par rinterm6diaire d'un dispositif 
video, Texperimentateur observe le comportement de reconnaissance sociale du rat adulte 
et en mesure la duree globale. Puis le jeune rat est 6t6 de la cage du rat adulte et est place 



* • 
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dans une cage individuelle, jusqu'A la seconde presentation. Le rat adulte re9oit alors le 
produit i tester (voie intraperitoneale) et, 2 heures plus tard, est remis en pr&ence (5 
minutes) du jeune rat. Le comportement de reconnaissance sociale est alors k nouveau 
observe et la dur6e en est mesuree. Le tableau ci-aprfes donne la difference (T2-T1), 
5 exprim6e en secondes, du temps de "reconnaissance" des deux rencontres. 

Les resultats obtenus montrent que les composes de Tinvention augmentent la 
memorisation de fa<?on tres importante, et a faible dose. 



Exemple 


Dose (mg/kg) 


T 2 - Tj (s) ± sem 


6 


3 


-21,4 ±5,1 


3 


3 


-25,3 ±7,1 


1 


3 


-17,4 ±2,5 


8 


3 


-17,2 ± 4,6 



EXEMPLE 12 : Composition pharmaceutique 

10 Fonnule de preparation pour 1000 comprimSs doses k 10 mg : 



Compose de Texemple 1 10 g 

Hydroxypropylcellulose 2 g 

Amidon de bl6 10 g 

Lactose lOOg 

1 5 St6arate de magnesium 3 g 

Talc 3g 



m 
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HF. VF.NDTC ATT ONS 



1. Composes de formule (I) : 




CO 



dans laquelle : 

5 > Rt represente un atome d'hydrogene ou un groupement arylalkyle (Ci-C 6 ) lineaire ou 
ramifie, alkyle (Ci-C 6 ) Un6aire ou ramifie, acyle (Ci-C 6 ) lineaire ou ramifie, 
alkoxycarbonyle (Ci-Ce) lin6aire ou ramifie, arylalkoxycarbonyle (Ci-C6> lindaire ou 
ramifte ou trifluoroac6tyle, 

> R 2 repr6sente ou groupement alkyle (Ci-Ce) lin6aire ou ramifie, 

10 > X represente un atome d'oxyg&ne, ou NOR3 dans lequel : 

* R 3 represente un atome d'hydrogene ou un groupement alkyle (CrC<$) lineaire ou 
ramifie eventuellement substitue par un ou plusieurs groupements, identiques ou 
diffSrents, choisis parmi hydroxy, amino (eventuellement substitue par un ou deux 
groupements alkyle (Ci-C 6 ) lineaire ou ramifie) et alkoxy (Ci-C 6 ) lineaire ou 

15 ramifi6, 



> Ar represente un groupement aryle ou un groupement heteroaryle, 
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leurs 6nantiom6res, diast6reoisom£res ainsi que leurs sels d'addition a un acide 
phaxmaceutiquement acceptable, 

6tant entendu que par aryle, on comprend un groupement phenyle, biphenylyle, naphtyle, 
tetrahydronaphtyle, chacun de ces groupements etant eventuellement substitu6 par un ou 
5 plusieurs groupements, identiques ou difFerents, choisis parmi halogene, alkyle (C\-Ce) 
lineaire ou ramifi6, hydroxy, alkoxy (CrQ) lin<§aire ou ramifte, trihalogenomethyle, nitro 
ou amino (substitu6 eventuellement par un ou plusieurs groupements alkyle (C\-Ce) 
lineaire ou ramifte), 

et par groupement heteroaryle, on comprend un groupement aromatique mono- ou 
10 bicyclique de 5 k 12 chafnons contenant un, deux ou trois het&roatomes choisis parmi 
oxygene, azote ou soufre etant entendu que l'h6teroaryle peut etre eventuellement substitue 
par un ou plusieurs groupements, identiques ou differents, choisis parmi halog&ne, alkyle 
(Ci~C 6 ) lineaire ou ramifie, hydroxy, alkoxy (Ci-C 6 ) lin6aire ou ramifie, 
trihalogenomethyle, nitro ou amino (substitu6 ' eventuellement par un ou plusieurs 
1 5 groupements alkyle (Ci-C 6 ) lineaire ou ramifie). 

'i 

2. Composes de formule (I) selon la revendication 1 caract6rises en ce que X represente • 
un atome d'oxyg&ie, leurs enantiom^res, diast6reoisomfcres ainsi que leurs sels 
d'addition k un acide pharmaceutiquement acceptable. 

Composes de formule (I) selon Tune quelconque des revendications 1 k 2 caract6rises 
en ce que Rj represente xm atome d ! hydrog6ne ou un groupement alkoxycarbonyle (Cr 
Ce) lineaire ou ramifi6, leurs 6nantiom£res, diaster6oisom£res ainsi que leurs sels 
d'addition k un acide pharmaceutiquement acceptable. 

4. Composes de formule (I) selon Tune quelconque des revendications 1 £ 3 caract6rises 
en ce que Ar represente un groupement phenyle Eventuellement substitue, leurs 
enantiomeres, diaster6oisom6res ainsi que leurs sels d'addition k un acide 
pharmaceutiquement acceptable. 



3. 

20 



• 
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5 6. 
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Composes de formule (I) selon l'une quelconque des revendications 1 a 3 caracterises 
en ce que Ar repr6sente un groupement thienyle eventuellement substitue ou un 
groupement pyridyle eventuellement substitue, leurs enantiomeres, diastereoisomeres 
ainsi que leurs sels d'addition a un acide pharmaceutiquement acceptable. 

Composes de formule (T) selon larevendication 1 qui sont la : 

• 2-memyl-4-oxo-6-(2-thienyl)-3,4-dihydro-l (2#)-pyridinecarboxylate de tert-butyle 

• 2-memyl-6K2-mienyl)-23^mydro-4(lif)-pyridinone 

» 2-memyl^-oxo-6-phenyl-3,4-d^hydro-l(2/^-pyridinecarboxylate de tert-butyle 

• 2-m6thyl-6-ph6nyl-2,3-dihydro-4(lfl)-pyridinone 

• 6^(3-cWorophenyl)-2-m6myl-4-oxo-3,4-6Uhydro-l(2i^pyridinecarboxylate de tert- 
butyle 

• 6-(3-chlorophenyl)-2-methyl-2,3-dihydro-4(l/i)-pyridmone 

® 6-(6-chloro-3-pyridyl)-2-m6thyl-4-oxo-^ de 
tert-butyle 

• 6-(6-chloro-3-pyridyl)-2-m6thyl-2,3-dih.ydro-4( l#)-pyridinone 

leurs enantiomeres, diastereoisomferes ainsi que leurs sels d'addition a un acide 
pharmaceutiquement acceptable. 

Proc6de de preparation des compos6s de formule (I) caract6ris6 en ce que Ton fait 
r6agir la 4-m6thoxy pyridine successivement avec le chloroformiate de ph&iyle, un 
d6riv6 organomagn6sien de formule (H) : 



R 2 MgBr 



CD) 



dans laquelle R 2 est tel que defini dans la formule (J), 

et le tert-butylate de potassium pour obtenir un compose de formule (ID) : 




dans laquelle R 2 est tel que defini pr6c6demment, 

compos6 de formule (EOT) que Ton fait reagir avec du butyllithium et de l'iode, pour 
conduire au compose iode de formule (IV) : 




(IV) 



dans laquelle R2 est tel que defini pr6cedemment, 

compost de formule (IV) que Ton fait reagir en presence de tetrakis 
(triphenylphosphine)palladium (0) avec un acide boronique de fonnule (V) : 

ArB(OH) 2 (V) 

10 dans laquelle Ar est tel que d6fini dans la fonnule (I), 

pour conduire au compose de formule (I/a), cas particulier des composes de formule (I) 




O/a) 
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dans laquelle Ar et R2 sont tels que d6fmis precedemment, 

composS de formule (I/a) dont on deprotege 6ventuellement la fonction amine selon 
des techniques classiques de la synthese organique pour conduire aux compos6s de 
formules (I/b), cas particuliers des composes de formules (I) : 




(I/b) 



dans laquelle R2 et Ar sont tels que definis pr6cedemment, 

compose de formule (I/b) que Ton fait eventuellement reagir avec un compose de 
formule R'iY dans laquelle R'j repr6sente un groupement arylalkyle (C r C 6 ) lineaire ou 
ramifie, alkyle (Ci-C 6 ) lineaire ou ramifie, acyle (C r C 6 ) lineaire ou ramifie, 
10 alkoxycarbonyle (Ct-Ce) lineaire ou ramifie, arylalkoxycarbonyle (Ci-C 6 ) lineaire ou 

ramifi6 ou trifluoroacetyle et Y repr^sente un groupe partant, pour conduire au 
compose de formule (I/c), cas particulier des composes de formule (I) : 




(I/c) 



dans laquelle Ar, R ! i et R 2 sont tels que definis prec6demment, 
15 les compos6s de formule (I/b) et (I/c) forment les composes de formule (I/d) : 
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dans laquelle Ar, Ri et R 2 sont tels que definis prec6demment, 

composes de formule (I/d) que Ton fait 6ventuellement reagir avec un compos6 de 
formule H2N-OR3 dans laquelle R 3 est tel que defini dans la formule (I), pour conduire 
au compost de formule (I/e), cas particulier des composes de formule (I) : 



5 




(I/e) 



dans laquelle Ar, Ri, R 2 et R 3 , sont tels que d6finis pr6cedemment, 

, les composes de formules (I/a) a (I/e), constituent Tensemble des composes de formule 
(I), que Ton purifie, le cas echSant, selon des techniques classiques de purification, dopt 
on s6pare, si on le souhaite, les isomeres selon des techniques classiques de separation 

V 

10 et que Ton transforme, si on le souhaite, en leurs sels d'addition a un acide 

pharmaceutiquement acceptable. 

8, Compositions pharmaceutiques contenant comme principe actif au moins un compost 
de formule (I) selon Tune quelconque des revendications 1 k 6, seul ou en combinaison 
avec un ou plusieurs vdhicules inertes, non toxiques et pharmaceutiquement 

15 acceptables. 

9, Compositions pharmaceutiques selon la revendication 8 contenant comme principe 
actif au moins un compos6 de formule (I) selon Tune quelconque des revendications 1 
a 6, utiles en tant que facilitateur mn6mocognitif. 
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10. Compositions pharmaceutiques selon la revendication 8 contenant comme principe 
actif au moins un compost de formule (I) selon Tune quelconque des revendications 1 
& 6, utiles en tant qu'antalgique. 
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The present invention relates to new 2,3-dihydro-4(l//)-pyridone compounds, to a process 
for their preparation, to pharmaceutical compositions containing them and to their use as 
facilitators of memory and cognition and as antalgic agents. 



Ageing of the population due to increased life expectancy has brought with it a major 
increase in cognitive disorders associated with normal cerebral ageing and with 
pathological cerebral ageing occurring in the course of neurodegenerative diseases such as, 
for example, Alzheimer's disease. 



The majority of substances used today in treating cognitive disorders associated with 
ageing act by facilitating the central cholinergic systems - either directly, as in the case of 
acetylcholinesterase inhibitors (tacrine, donepezil) and cholinergic agonists (nefiracetam), 
or indirectly, as in the case of nootropic agents (piracetam, pramiracetam) and cerebral 
vasodilators (vinpocetine). 



Besides their cognitive properties, substances acting directly on the central cholinergic 
systems often have antalgic properties but also have hypothermic properties, which can be 
undesirable. 



It has therefore been especially valuable to synthesise new compounds that are capable of 
opposing the cognitive disorders associated with ageing and/or of improving cognitive 
processes and that can possess antalgic properties without having hypothermic activity. 



4-Hydroxy- or 4-oxo-substituted l-aza-2-alkyl-6-aryl-cycloalkanes and 1 -aza-2-alkyl-6- 
aryl-cycloalkenes have already been described in the literature (J. Org. Chem. 1988, 53, 
2426; Liebigs Ann. Chem. 1986, IT, 1823; Synlett 1993, 9, 657; Tet. Lett. 1998, 39(3/4), 
217), but no pharmacological activity has been described for those compounds. Patent 
application EP 0119087 describes l-aza-2-alkyl-6-aryl-cycloalkane compounds for use as 
antalgic agents. 
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More specifically, the present invention relates to compounds of formula (I): 



X 



Ar 




N 



*2 



(I) 



R 



wherein: 



> R\ represents a hydrogen atom or an aryl(Ci-C 6 )alkyl group in which the alkyl moiety 
may be linear or branched, a linear or branched (Ci-C 6 )alkyl group, a linear or branched 
(Ci-C6)acyl group, a linear or branched (Ci-C6)alkoxycarbonyl group, an aryl(Ci-C6)- 
alkoxycarbonyl group in which the alkoxy moiety may be linear or branched, or a 
trifluoroacetyl group, 

> R2 represents a linear or branched (Ci-C6)alkyl group, 

> X represents an oxygen atom or NOR3 wherein: 

* R 3 represents a hydrogen atom or a linear or branched (Ci-C6)alkyl group 
optionally substituted by one or more identical or different groups selected from 
hydroxy, amino (optionally substituted by one or two linear or branched (C1-C6)- 
alkyl groups) and linear or branched (Ci-C6)alkoxy, 

> Ar represents an aryl group or a heteroaryl group, 

to their enantiomers, diastereoisomers and also to addition salts thereof with a 
pharmaceutically acceptable acid, 



it being understood that aryl is understood to be a phenyl, biphenyl, naphthyl or 
tetrahydronaphthyl group, each of those groups being optionally substituted by one or more 
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identical or different substituents selected from halogen, linear or branched (Ci-C6)alkyl, 
hydroxy, linear or branched (Ci-C 6 )alkoxy, trihalomethyl, nitro and amino (optionally 
substituted by one or more linear or branched (Ci-C6)alkyl groups), 

and a heteroaryl group is understood to be an aromatic, mono- or bi-cyclic, 5- to 12- 
5 membered group containing one, two or three hetero atoms selected from oxygen, nitrogen 
and sulphur, it being understood that the heteroaryl group may be optionally substituted by 
one or more identical or different substituents selected from halogen, linear or branched 
(Ci-C 6 )alkyl, hydroxy, linear or branched (Ci-C 6 )alkoxy, trihalomethyl, nitro and amino 
(optionally substituted by one or more linear or branched (Ci-C6)alkyl groups). Among the 
10 heteroaryl groups there may be mentioned, without implying any limitation, thienyl, 
pyridyl, furyl, pyrrolyl, imidazolyl, oxazolyl, isoxazolyl, thiazolyl and isothiazolyl groups. 

Among the pharmaceutically acceptable acids there may be mentioned, without implying 
any limitation, hydrochloric acid, hydrobromic acid, sulphuric acid, phosphonic acid, acetic 
acid, trifluoroacetic acid, lactic acid, pyruvic acid, malonic acid, succinic acid, glutaric 
15 acid, fumaric acid, tartaric acid, maleic acid, citric acid, ascorbic acid, oxalic acid, 
methanesulphonic acid, benzenesulphonic acid, camphoric acid etc.. 

The preferred compounds of formula (I) are those wherein the group X represents an 
oxygen atom. 

The group Ri to which preference is given in accordance with the invention is a hydrogen 
20 atom or a linear or branched (Ci-C6)alkoxycarbonyl group. 

The term aryl used in respect of the group Ar as defined for formula (I) is preferably an 
optionally substituted phenyl group. 

The term heteroaryl used in respect of the group Ar as defined for formula (I) is preferably 
an optionally substituted thienyl group or an optionally substituted pyridyl group. 
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The invention relates more especially to the compounds of formula (I) which are: 

• tert- butyl 2-methy l-4-oxo-6-(2-thienyl)-3 ,4-dihydro- 1 (2//)-pyridinecarboxylate 

• 2-methyl-6-(2-thienyl)-2,3-dihydro-4(l//)-pyridone 

• tert-butyl 2-methy l-4-oxo-6-pheny 1-3 ,4-dihydro- 1 (2//)-pyridinecarboxy late 

• 2-methyl-6-phenyl-2,3-dihydro-4( 1 //)-pyridone 

• tert-butyl 6-(3-chlorophenyl)-2-methyl-4-oxo-3,4-dihydro-l(2/f)-pyridine- 
carboxylate 

• 6-(3-chlorophenyl)-2-methyl-2,3-dihydro-4(l//)-pyridone 

• tert-butyl 6-(6-chloro-3 -pyridyl)-2-methy l-4-oxo-3 ,4-dihydro- 1 (2H)-pyridine- 
carboxylate 

• 6-(6-chloro-3-pyridyl)-2-methyl-2,3-dihydro-4(l^/)-pyridone 

the enantiomers, diastereoisomers and also the addition salts with a pharmaceutically 
acceptable acid of the preferred compounds form an integral part of the invention. 

The invention relates also to a process for the preparation of compounds of formula (I), 
characterised in that 4-methoxypyridine is reacted in succession with phenyl chloroformate, 
with an organomagnesium compound of formula (II): 



R 2 MgBr 



(II) 



wherein R2 is as defined for formula (I), 

and with potassium tert-butoxide to yield a compound of formula (III): 



OCH3 
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wherein R2 is as defined hereinbefore, 

which compound of formula (III) is reacted with butyllithium and with iodine to yield an 
iodated compound of formula (IV): 




(IV) 



wherein R2 is as defined hereinbefore, 

which compound of formula (IV) is reacted, in the presence of tetrakis(triphenylphos- 
phine)palladium(O), with a boronic acid of formula (V): 

ArB(OH) 2 (V) 

wherein Ar is as defined for formula (I), 

to yield a compound of formula (I/a), which is a particular case of the compounds of 
formula (I): 



O 




wherein Ar and R2 are as defined hereinbefore, 

in which compound of formula (I/a) the amine function is optionally deprotected 
according to conventional techniques of organic synthesis to yield a compound of 
formula (I/b), which is a particular case of the compounds of formula (I): 



1st filing 




wherein R2 and Ar are as defined hereinbefore, 

which compound of formula (I/b) is optionally reacted with a compound of the formula 
R'l Y wherein R'i represents an aryl(Ci-C 6 )alkyl group in which the alkyl moiety may be 
5 linear or branched, a linear or branched (d-C 6 )alkyl group, a linear or branched 

(Ci-C 6 )acyl group, a linear or branched (Ci-C 6 )alkoxycarbonyl group, an aryl(Ci-C 6 )- 
alkoxycarbonyl group in which the alkoxy moiety may be linear or branched, or a 
trifluoroacetyl group, and Y represents a leaving group, to yield a compound of 
formula (I/c), which is a particular case of the compounds of formula (I): 




(I/c) 



wherein Ar, R f i and R2 are as defined hereinbefore, 

the compounds of formulae (I/b) and (I/c) forming the compounds of formula (I/d): 

O 




(I/d) 



wherein Ar, R\ and R2 are as defined hereinbefore, 
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which compounds of formula (I/d) are optionally reacted with a compound of the 
formula H2N-OR3 wherein R3 is as defined for formula (I), to yield a compound of 
formula (I/e), which is a particular case of the compounds of formula (I): 



Ar 




(I/e) 



5 wherein Ar, Ri, R2 and R3 are as defined hereinbefore, 

the compounds of formulae (I/a) to (I/e) constituting the totality of the compounds of 
formula (I), which are purified, where necessary, according to conventional purification 
techniques, are separated, if desired, into their isomers according to conventional 
separation techniques and are converted, if desired, into their addition salts with a 
10 pharmaceutical^ acceptable acid. 

In addition to the fact that the compounds of the present invention are new, they exhibit 
properties facilitating cognitive processes and antalgic properties, rendering them of use in 
the treatment of cognitive deficiencies associated with cerebral ageing and with 
neurodegenerative pathologies, such as Alzheimer's disease, Parkinson's disease, Pick's 
15 disease, Korsakoff's disease and frontal lobe and subcortical dementias and in the treatment 
of pain. 

The invention relates also to pharmaceutical compositions comprising as active ingredient 
a compound of formula (I) together with one or more appropriate, inert, non-toxic 
excipients. Among the pharmaceutical compositions according to the invention there may 
20 be mentioned more especially those that are suitable for oral, parenteral (intravenous or 
subcutaneous) and nasal administration, tablets or dragees, sublingual tablets, gelatin 
capsules, lozenges, suppositories, creams, ointments, dermal gels, injectable preparations, 
drinkable suspensions etc.. 
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The dosage used can be adapted according to the nature and the severity of the disorder, the 
administration route and the age and weight of the patient. The dosage varies from 1 to 
500 mg per day in one or more administrations. 

The following Examples illustrate the invention without limiting it in any way. 

The starting materials used are products that are known or prepared according to known 
procedures. 

The structures of the compounds described in the Examples were determined according to 
customary spectrophotometric techniques (infra-red, nuclear magnetic resonance, mass 
spectrometry). 

PREPARATION 1 : Tert-butyl 4-met h oxy-2-mcthyI-l(2/^-py rid in ecar boxy late 

37.81 mmol of ethyl chloroformate are added to a solution, cooled to -25°C, of 37.43 mmol 
of 4-methoxypyridine in 100 ml of anhydrous tetrahydrofuran under an argon atmosphere. 
After one hour's stirring at -25°C, 39.30 mmol of 3M methylmagnesium bromide are added 
dropwise. The reaction mixture is stirred for 30 minutes at -25°C and then for one hour at 
ambient temperature. 100 ml of water are then added and the aqueous phase is then 
extracted twice with diethyl ether, dried over magnesium sulphate, filtered and then 
concentrated under reduced pressure. The resulting oil is taken up in 1 00 ml of anhydrous 
tetrahydrofuran, the solution is then cooled to -40°C, and then 0.15 mmol of potassium 
tert-butoxide is added. The reaction mixture is stirred for 2 hours at -40°C and for one hour 
at ambient temperature, and 100 ml of water are then added. The aqueous phase is 
extracted twice with diethyl ether and then the organic phase is dried over magnesium 
sulphate, filtered and concentrated under reduced pressure to give the expected product. 
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pwf.P AR ATION 2 : Tert-butyl 6-iodo-2-methyl-4-oxo-3,4-dihydro-l(2fl)-pyridine- 

carboxylate 

40 48 mmo. of n-buQ-Uithiun, are added to a solution, a. -o0°C, of 33.73 mmol of the 
eompound of Preparation 1 in 100 ml of anhydrous tetrahydrofuran under an argon 
atmosphere. Stirring is carried on, for 30 minutes a. *t and then 37.11 nunol of iodtne 
are added. After stirring for 2 hours at -60«C and men for one hour at ambient temperature, 
100 ml of a IN aqueous hydrochloric acid solution are added to the reaction mixture. The 
aqueous phase is extracted twice with diethyl ether, and the organic phase is dned over 
magnesium sulphate, filtered and concentrated under reduced pressure. Purificatton by 
chromatography on silica gel (diethyl erher/petro.eum ether :4/6) yields me expected 
product. 

1R (KBr) : vc=o = 1668, 1722 cm' 1 . 

EXAMPLE 1 : Tert-butyl 2-methyl-4-oxo-6-(2.thienyl)-3,4-dihydro-l(2fl)- 
pyridinecarboxylate 

There are introduced into a 100 ml flask 4.45 mmol of the compound of Preparation 2, 
0 22mmol of tetrakis(triphenylphosphine)palladium(0) and 20 ml of dimethoxyethane, 
then 5.34 mmol of thiophene-2-boronic acid and 11.12 mmol of sodium hydrogen 
carbonate dissolved in 20 ml of water. The reaction mixture is heated under reflux and wnh 
vigorous stirring for about 5 hours. After cooling, the aqueous phase is extracted twice wrth 
chloroform and the organic phase is dried over calcium chloride, filtered and concentrated 
under reduced pressure. Purification by chromatography on silica gel (dxethyl 
ether/petroleum ether : 4/6) yields the expected product. 



Meltine point : 90 °C. 

IR (KBr) : v c =o = 1659, 1718 cm 1 . 
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Elemental microanalysis : 

%C %H %N 

calculated 61.41 6.53 4.77 

found 61.34 6.71 4.86 

EXAMPLE 2 : 2-MethyI-6-(2-thienyl)-23-dihydro-4(lZ0 pyridone 

2.73 mmol of the compound of Example 1, 10 ml of dichloromethane and 27.27 mmol of 
trifluoroacetic acid are mixed. The reaction mixture is stirred at ambient temperature for 
4 hours and then rendered alkaline by the addition of a saturated aqueous potassium 
carbonate solution. The aqueous phase is extracted twice with dichloromethane, and the 
organic phases are combined and then dried over calcium chloride, filtered and 
concentrated under reduced pressure. Purification by chromatography on silica gel (ethyl 
acetate) yields the expected product. 

Meltine point : 155°C. 

IR (KBr) : v c =o = 1605 cm 1 ; v NH = 3288 cm*. 
Elemental microanalysis : 

%C %H %N 

calculated 62 A 5 5.74 7.24 

found 62.34 5.62 7.02 

EXAMPLE 3 : Tert-butyl 2-methyl-4-oxo-6-phenyl-3,4-dihydro-l(2J?)-pyridine- 
carboxylate 

The expected product is obtained according to the process described in Example 1, using 
phenylboronic acid. 



Melting point : 99°C. 

IR (KBr) : v c =o = 1655 t 1709 cm 1 . 
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Elemental microanalysis : 

%C %H %N 

calculated 71.06 7.37 4.87 

found 70.92 7.51 4.71 



EXAMPLE 4 : 2-Methyl-6-phenyl-23-dihydro-4(ltf)-pyridone 

The expected product is obtained according to the process described in Example 2, starting 
5 from the compound of Example 3 . 

Melting point : 161°C. 

IR (KBr) : v c =o = 1605 cm' 1 ; v NH = 3268 cm 1 . 
Elemental microanalysis : 

%C %H %N 

calculated 76.98 7.00 7.48 

found 77.21 7.06 7.22 

10 EXAMPLE 5 ; Tert-butyl 6-(3-chlorophenyl)-2-methyl-4-oxo-3,4-dihydro-l(2/0- 

pyridinecarboxylate 

The expected product is obtained according to the process described in Example 1, using 3- 
chlorobenzeneboronic acid. 

Melting point : 101°C. 
15 IR (KBr) : v c =o = 1674, 1714 cm'. 
Elemental microanalysis : 

%C %H %N 

calculated 63.45 6.26 4.35 

found 63.39 6.36 4.21 
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EXAMPLE 6 : 6-(3-ChIorophenyl)-2-methyl-23-dihydro-4(l/0-pyridone 

The expected product is obtained according to the process described in Example 2, starting 
from the compound of Example 5. 

Meltine point : 133°C. 

IR (KBr) : v c =o = 1605 cm 1 ; v NH = 3255 cm 1 . 
Elemental microanalysis : 

%C %H % N 

calculated 65.02 5.46 632 

found 65.15 5.59 6.13 

EXAMPLE 7 : Tert-butyl 2-methyI-4-oxo-6-(6-chloro-3-pyridyl)-3,4-dihydro- 
1 (2//)-py rid in eca rb oxy la te 

The expected product is obtained according to the process described in Example 1, using 6- 
chloropyridine-3-boronic acid. 



Melting point : 115°C. 
IR (KBr) : v c =o = 1660, 1711 cm 1 . 
Elemental microanalysis: 



%c 


%H 


%N 


59.54 


5.93 


8.68 


59.75 


5.88 


8.42 



calculated 
found 



EXAMPLE 8 : 6-(6-Chloro-3-pyridyI)-2-methyI-23-dihydro-4(lJ^)-pyridone 

The expected product is obtained according to the process described in Example 2, starting 
from the compound of Example 7. 



Meltinz point : 216°C. 
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IR (KBr) : v c =o = 1613 cm 1 ; v m = 3256 cm 1 . 
Elemental microanalysis : 

%C %H %N 

calculated 5933 4.98 12.58 

found 59.19 5.08 12.39 



PHARMACOLOGICAL STUDY OF COMPOUNDS OF THE INVENTION 

5 EXAMPLE 9 : Body temperature in the NMRI mouse 

The effects of the compounds of the present invention on body temperature were assessed 
in the adult male NMRI mouse. The rectal temperature of the mice (1 8-20 g) was measured 
just before pharmacological treatment (intraperitoneal route) with the compounds being 
studied or their carriers (20 mg/kg). The mice were then placed in individual cages 
10 (10x10x10 cm) and their rectal temperature was measured every 30 minutes during the 
2 hours following treatment. The values were the means (°C) plus or minus the standard 
errors of the means, and inter-group comparisons were carried out by a single-factor 
variance analysis test followed, where appropriate, by a Dunnett test. 

The results show that the compounds of the invention do not have hypothermic activity at 
15 doses up to 20 mg/kg. 

EXAMPLE 10 : Abdominal contractions induced by phenyl-p-benzoquinone (PBQ) 
in the NMRI mouse 

Intraperitoneal administration of an alcoholic solution of PBQ causes abdominal cramps in 
the mouse (SIEGMUND et al. 9 Proc. Soc. Exp. Biol., 1957, 95, 729-731). The cramps are 
20 characterised by repeated contractions of the abdominal musculature, accompanied by 
extension of the hind limbs. Most analgesics antagonise these abdominal cramps 
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(COLLIER et aL, Brit. J. Pharmacol. Chem., 1968, 32, 295-310). At t=0 min., the animals 
are weighed and the compound being studied is administered by the IP route. A group of 
control animals is given the solvent used for the compound. At t=30 min., an alcoholic 
solution of PBQ (0.2 %) is administered by the IP route in a volume of 0.25 ml/mouse. 
Immediately after administration of the PBQ, the animals are placed in cylinders of 
plexiglass (L=19.5 cm; I.D.=5 cm). From t=35 min. to t=45 min., the animals' reaction is 
observed and the experimenter notes the total number of abdominal cramps per animal. 
The table below shows the percentage inhibition of the number of abdominal cramps 
measured in the control animals, at the active dose of the compound studied. 

The results obtained show that the compounds of the invention possess antalgic properties. 



Example 


Dose (mg/kg) 


Inhibition (%) 


2 


20 


48% 


3 


20 


59% 


6 


20 


48% 



EXAMPLE 11 ; Social recognition in the Wistar rat 

Initially described in 1982 by THOR and HOLLOWAY (J. Comp. Physiol., 1982, 96, 
1000-1006), the social recognition test has subsequently been proposed by various authors 
(DANTZER et aL, Psychopharmacology, 1987, 91_, 363-368; PERIO et aL, Psycho^ 
pharmacology, 1989, 97, 262-268) for studying the mnemocognitive effects of new 
compounds. The test is based on the natural expression of the olfactory memory of the rat 
and its natural tendency to forget and allows evaluation of memorisation, by recognition of 
a young congeneric animal, by an adult rat. A young rat (21 days), taken at random, is 
placed for 5 minutes in the cage housing an adult rat. With the aid of a video device, the 
experimenter observes the social recognition behaviour of the adult rat and measures its 
overall duration. The young rat is then removed from the adult rat's cage and is placed in 
its own cage until the second introduction. The adult rat is then given the compound under 
test (intraperitoneal route) and, after 2 hours, is again brought into the presence (5 minutes) 
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of the young rat. The social recognition behaviour is then observed again and its duration 
measured. The table below shows the difference (T2-T1), expressed in seconds, between the 
"recognition" times of the 2 encounters. 

The results obtained show that the compounds of the invention very greatly enhance 
5 memorisation, even at a low dose. 



Example 


Dose (mg/kg) 


T 2 - Ti (s) ± sem 


6 


3 


-21.4 ±5.1 


3 


3 


-25.3 ± 7.1 


1 


3 


-17.4 + 2.5 


8 


3 


-17.2 ±4.6 



EXAMPLE 12 : Pharmaceutical composition 

Formulation for the preparation of 1000 tablets each comprising 10 mg of active 



ingredient: 

10 Compound of Example 1 10 g 

Hydroxypropylcellulose 2 g 

Wheat starch 10 g 

Lactose 100 g 

Magnesium stearate 3 g 

15 Talc ; 3g 
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CLAIMS 



1. Compounds of formula (I): 




wherein: 

> Ri represents a hydrogen atom or an aryl(Ci-C6)alkyl group in which the alkyl moiety 
may be linear or branched, a linear or branched (Ci-C6)alkyl group, a linear or branched 
(Ci-C6)acyl group, a linear or branched (Ci-C6)alkoxycarbonyl group, an aryl(Ci-C6)- 
alkoxycarbonyl group in which the alkoxy moiety may be linear or branched, or a 
trifluoroacetyl group, 

> R 2 represents a linear or branched (d-C 6 )alkyl group, 

> X represents an oxygen atom or NOR3 wherein: 

* R3 represents a hydrogen atom or a linear or branched (Ci-C^alkyl group 
optionally substituted by one or more identical or different groups selected from 
hydroxy, amino (optionally substituted by one or two linear or branched (C1-C6)- 
alkyl groups) and linear or branched (Ci-C6)alkoxy, 



> Ar represents an aryl group or a heteroaryl group, 
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their enantiomers, diastereoisomers and also addition salts thereof with a pharmaceutically 
acceptable acid, 

it being understood that aryl is understood to be a phenyl, biphenyl, naphthyl or 
tetrahydronaphthyl group, each of those groups being optionally substituted by one or more 
identical or different substituents selected from halogen, linear or branched (Ci-C6)alkyl, 
hydroxy, linear or branched (Ci-C6)alkoxy, trihalomethyl, nitro and amino (optionally 
substituted by one or more linear or branched (Ci-C6)alkyl groups), 

and a heteroaryl group is understood to be an aromatic, mono- or bi-cyclic, 5- to 12- 
membered group containing one, two or three hetero atoms selected from oxygen, nitrogen 
and sulphur, it being understood that the heteroaryl group may be optionally substituted by 
one or more identical or different substituents selected from halogen, linear or branched 
(Ci-C6)alkyl, hydroxy, linear or branched (Ci-C6)alkoxy, trihalomethyl, nitro and amino 
(optionally substituted by one or more linear or branched (Ci-C6)alkyl groups). 

2. Compounds of formula (I) according to claim 1 , characterised in that X represents an 
oxygen atom, their enantiomers, diastereoisomers and also addition salts thereof with a 
pharmaceutically acceptable acid. 

3. Compounds of formula (I) according to either claim 1 or claim 2, characterised in that 
Ri represents a hydrogen atom or a linear or branched (Ci-C6)aIkoxycarbonyl group, 
their enantiomers, diastereoisomers and also addition salts thereof with a 
pharmaceutically acceptable acid. 

4. Compounds of formula (I) according to any one of claims 1 to 3, characterised in that 
Ar represents an optionally substituted phenyl group, their enantiomers, 
diastereoisomers and also addition salts thereof with a pharmaceutically acceptable 
acid. 
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5. Compounds of formula (I) according to any one of claims 1 to 3, characterised in that 
Ar represents an optionally substituted thienyl group or an optionally substituted 
pyridyl group, their enantiomers, diastereoisomers and also addition salts thereof with 
a pharmaceutical^ acceptable acid. 

6. Compounds of formula (I) according to claim 1 which are: 

• tert-butyl 2-methyl-4-oxo-6-(2-thienyl)-3,4-dihydro- 1 (2//)-pyridinecarboxylate 

• 2-methyl-6-(2-thienyl)-2,3-dihydro-4( 1 //)-pyridone 

• tert-butyl 2-methyl-4-oxo-6-phenyl-3 ,4-dihydro- 1 (2//)-pyridinecarboxylate 

• 2-methyl-6-phenyl~2,3-dihydro-4(l/^-pyridone 

• tert-butyl 6-(3 -chlorophenyl)-2-methyl-4-oxo-3 ,4-dihydro- 1 (2/f)-pyndine- 
carboxylate 

• 6-(3-chlorophenyl)-2-methyl-2,3-dihydro-4(1^0-pyridone 

• tert-butyl 6-(6-chloro-3 -pyridy l)-2-methyl-4-oxo-3 ,4-dihydro- 1 (2//)-pyridine- 
carboxylate 

• 6-(6-chloro-3-pyridyl)-2-methyl-2,3-dihydro-4(l J H)-pyridone 

their enantiomers, diastereoisomers and also addition salts thereof with a 
pharmaceutically acceptable acid. 

7. Process for the preparation of compounds of formula (I), characterised in that 4- 
methoxypyridine is reacted in succession with phenyl chloroformate, with an 
organomagnesium compound of formula (II) : 



R 2 MgBr 



(II) 



wherein R2 is as defined for formula (I), 

and with potassium tert-butoxide to yield a compound of formula (III): 
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wherein R 2 is as defined hereinbefore, 

which compound of formula (III) is reacted with butyllithium and with iodine to yield an 
iodated compound of formula (IV): 




wherein R2 is as defined hereinbefore, 

which compound of formula (IV) is reacted, in the presence of tetrakis(triphenylphos- 
phine)palladium(O), with a boronic acid of formula (V): 



ArB(OH) 2 (V) 



10 wherein Ar is as defined for formula (I), 

to yield a compound of formula (I/a), which is a particular case of the compounds of 
formula (I): 
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wherein Ar and R2 are as defined hereinbefore, 

in which compound of formula (I/a) the amine function is optionally deprotected 
according to conventional techniques of organic synthesis to yield a compound of 
formula (I/b), which is a particular case of the compounds of formula (I): 



wherein R2 and Ar are as defined hereinbefore, 

which compound of formula (I/b) is optionally reacted with a compound of the formula 
R'i Y wherein R'i represents an aryl(Ci-C6)alkyl group in which the alkyl moiety may be 
linear or branched, a linear or branched (Ci-C6)alkyl group, a linear or branched 
(Ci-C6)acyl group, a linear or branched (Ci-C6)alkoxycarbonyl group, an aryl(Ci-C6)- 
alkoxycarbonyl group in which the alkoxy moiety may be linear or branched, or a 
trifluoroacetyl group, and Y represents a leaving group, to yield a compound of 
formula (I/c), which is a particular case of the compounds of formula (I): 

O 



Ar 




*2 



(I/b) 



Ar 




*2 



(I/c) 



wherein Ar, R'i and R2 are as defined hereinbefore, 

the compounds of formulae (I/b) and (I/c) forming the compounds of formula (I/d): 
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O 




(I/d) 



wherein Ar, R\ and R2 are as defined hereinbefore, 

which compounds of formula (I/d) are optionally reacted with a compound of the 
formula H2N-OR3 wherein R3 is as defined for formula (I), to yield a compound of 
formula (I/e), which is a particular case of the compounds of formula (I): 




wherein Ar, Ri, R2 and R 3 are as defined hereinbefore, 

the compounds of formulae (I/a) to (I/e) constituting the totality of the compounds of 
formula (I), which are purified, where necessary, according to conventional 
purification techniques, are separated, if desired, into their isomers according to 
conventional separation techniques and are converted, if desired, into their addition 
salts with a pharmaceutically acceptable acid. 

8, Pharmaceutical compositions comprising as active ingredient at least one compound of 
formula (I) according to any one of claims 1 to 6, alone or in combination with one or 
more inert, non-toxic, pharmaceutically acceptable carriers. 



Pharmaceutical compositions according to claim 8 comprising as active ingredient at 
least one compound of formula (I) according to any one of claims 1 to 6, for use as a 
facilitator of memory and cognition. 



# 
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10. Pharmaceutical compositions according to claim 8 comprising as active ingredient at 
least one compound of formula (I) according to any one of claims 1 to 6, for use as an 
antalgic agent. 
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